Objective: To determine whether children who wear contact lenses truly have fewer dry eye complaints than adults do. Methods: Ninety-four pediatric contact lens wearers, aged 8 to 14 years, were recruited and given the Contact Lens Dry Eye Questionnaire (CLDEQ) short form. The survey is designed to diagnose dry eye syndrome by obtaining information on the frequency of dryness and light sensitivity and their corresponding intensity levels within the first 2 hr of putting in the lenses, in the middle of the day, and at the end of the day. The responses were scored by multiplying the frequency by the average intensity and a constant. A composite score was calculated by subtracting the photophobia score from the dryness score, and the results were compared with those of adult samples from the literature. The questionnaire also asked whether the subject believed he or she had dry eyes while wearing contact lenses. Subjects who believed that they had dry eyes and exhibited a CLDEQ composite score .0.03 were diagnosed with dry eye. Subjects who were unsure if they had dry eyes or said they did not have dry eyes but scored .1.29 were also diagnosed with dry eye. Results: The average (6SD) age of the sample was 11.7 6 1.5 years, 56.4% were female, 59.6% were white, and 19.1% were black. The mean (6SD) CLDEQ composite score was 0.25 6 0.50 (range = 21.20 to 1.45). In the literature, the adult mean (6SD) CLDEQ composite score was 1.02 6 0.80 (range = 20.74 to 4.50). Of the 94 surveys collected, 4.3% of children were categorized as having dry eye compared with 56.2% of the adults who completed the CLDEQ survey in the adult study. Conclusions: Pediatric contact lens wearers have fewer complaints about dry eyes than do adult contact lens wearers, which may be because of improved tear film, differences in reporting of symptoms, or modality of contact lens wear.
D
ry eye is a widespread problem, affecting 0.39% to 33.7% of the population. [1] [2] [3] [4] [5] Many factors are associated with dry eye symptoms such as age, gender, and contact lens wear, among numerous others. 1, 2, [5] [6] [7] [8] [9] [10] [11] [12] Approximately half of all contact lens wearers have experienced dry eye on at least one occasion, compared with only one fifth of non-contact lens wearers. 2 The diagnosis of dry eye is based primarily on symptoms, 13 and several surveys have been developed to determine dry eye sufferers. [14] [15] [16] [17] [18] [19] [20] One in particular, the Contact Lens Dry Eye Questionnaire (CLDEQ) short form, classifies dry eye by assessing the frequency of dryness and light sensitivity symptoms and the intensity of these symptoms during various times of the day. The survey also asks one question about a patient's self-perception of dry eye. The form takes little time to administer, it is easily understandable by children, and is moderately reliable for the classification of dry eye, 17 which is why we chose this survey for our investigation.
The benefits of contact lens wear for children have been established, 21 but little is known about dry eye symptoms that may be experienced by children. One study reported that 18.7% of subjects younger than 20 years experience dry eye symptoms compared with 30.1% of adults. 2 However, these proportions included both contact lens wearers and non-contact lens wearers. The only study that specifically asked pediatric contact lens wearers about dry eye reported that 84.6% of children between the ages of 8 and 12 years report that their eyes never or rarely ''feel dry'' based on one simple question, but no data are available for adults using the same survey. 22 The purpose of this article is to report the prevalence of dry eye classification among pediatric contact lens wearers based on a validated survey also used by adults.
METHODS
From June through September of 2006, 94 pediatric contact lens wearers aged 8 to 14 years were recruited from pediatric contact lens studies conducted at both The Ohio State University College of Optometry and New England College of Optometry. The protocols were approved by each clinical site's Institutional Review Board, and the protocols adhered to the tenets of the Declaration of Helsinki. After the nature and possible consequences of the study were explained, a parent or guardian of every participant signed informed consent documents, and subjects provided written assent.
All of the subjects wore either 1 Day Acuvue or Acuvue Advance contact lenses (Vistakon; Jacksonville, FL), and all subjects wore contact lenses for at least 3 months. The Acuvue Advance contact lens wearers were all provided with Opti-Free Replenish multipurpose contact lens solutions for the care of their contact lenses (Alcon, Ft. Worth, TX).
The CLDEQ diagnoses dry eye by asking about dryness and light sensitivity and a self-perception question about dryness (Appendix). Subjects categorize the frequency of each symptom coded as 1, never; 2, infrequently; 3, occasionally; 4, frequently; and 5, constantly. If the subject classifies the symptom as infrequent to constant, he or she then categorizes the intensity of the symptom within the first 2 hr of inserting the lenses, in the middle of the day, and at the end of the day. Intensity is ranked on a scale of 1 to 5, where 1 is not at all intense, and 5 is very intense. The selfperception question response choices are ''yes,'' ''no,'' or ''unsure.'' To score dryness, the frequency response is multiplied by the average intensity and 0.18. To score light sensitivity, the frequency response is multiplied by the average intensity and 0.10. The composite score is calculated by subtracting the overall photophobia score from the overall dryness score. If the subject's response to the self-perception question is ''yes,'' and he or she exhibits a composite score of greater than 0.03, the CLDEQ classifies this patient as having dry eyes. If the subject responds ''no'' or ''unsure'' to the self-perception question and he or she exhibits a composite score greater than 1.29, the CLDEQ also classifies this subject as having dry eyes. All other scores are considered free of dry eyes. To make a valid comparison to the prevalence of dry eye reporting by adult contact lens wearers, the scoring algorithm used for this article was the same as that used to examine dry eye classification in adults. 17 Parents were also given a survey to assess their child's complaints of dry eyes when wearing contact lenses, using the same frequency of the symptoms scale from the CLDEQ.
RESULTS
The average age of the subjects was 11.7 6 1.5 years, and 53 subjects (56.4%) were female. Fifty-six subjects (59.6%) were white, and 17 subjects (19.1%) were black.
The mean (6SD) CLDEQ composite score for the pediatric contact lens wearers was +0.25 6 0.50 (range = 21.20 to +1.45), which is significantly lower than a sample of adult contact lens wearers 10 with a mean (6SD) CLDEQ composite score of +1.02 6 0.80 (range: -0.74 to +4.50; Students t-test, P,0.0001). Four of the pediatric contact lens wearers (4.3%) were classified with dry eye, compared with 56.2% 10 of adult contact lens wearers (x 2 , P,0.001). Two of the children with dry eyes were female, three were white, and one was black. None of the children who chose the response ''no'' or ''unsure'' to the self-perception question were classified as having dry eyes. Of the 4.3% of pediatric subjects classified with dry eye, all of them chose ''yes'' to the self-perception question (Fig. 1) . None of the parents reported that their child reported having dry eyes, even those with a child that answered ''yes'' to the self-perception question of having dry eye.
The frequency of dry eye was reported as ''never'' by half of the subjects. Those that reported at least ''infrequent'' dry eye reported the intensity as grade 1 or 2 (low intensity) 96% of the time within 2 hr of waking, 83% of the time in the middle of the day, and 55% of the time at the end of the day. The intensity of dry eye increased significantly throughout the day (x 2 , P,0.001). Approximately 89% of the children reported ''never'' experiencing light sensitivity. Those who reported light sensitivity reported similar intensity throughout the day (x 2 , P=0.28), with 84% of the intensity reports of ''1'' or ''2.''
DISCUSSION
To our knowledge, there have been no studies that have evaluated dry eye complaints using a validated survey specifically in pediatric contact lens wearers. Doughty et al. 2 reported that nearly twice as many adults reported dry eyes than did children, but not all of those subjects wore contact lenses. Because dry eye symptoms and the prevalence of contact lens wear are both correlated with age, 1,2,9 it is difficult to determine whether the lower proportion of dry eye symptoms in the pediatric population reported by Doughty is because of younger age or less frequent contact lens wear.
Doughty reported a dry eye prevalence of 9.57% in the 1-to 10-year age group, compared with 21.33% of the 11-to 20-year age group. These proportions are significantly different (x 2 , P,0.001). Similarly, 8-to 12-year-old children reported dryness with contact lens wear half of the time, compared with 64% of the time for 13-to 17-year-old teens. 22 The prevalence of dry eye may increase dramatically during adolescence, leading to the increased prevalence of dry eye in the Doughty article compared with our lower prevalence for the 8-to 14-year-old children in this report.
A survey determined that patients who discontinue lens wear typically cease contact lens wear after they have worn the lenses for a relatively long period of time. 12 Our subjects are obviously young, and none of them have worn contact lenses for a considerable amount of time, so their motivation to wear contact lenses may be higher than those who have worn contact lenses for a long period of time, which may ultimately lead to fewer complaints of discomfort. The lacrimal system of a child produces more tears than does the lacrimal system of an adult, and the nonaqueous portion a child's tear film contains less lipids and mucus than does an adult's tear film. Therefore, proteins and lipids deposit on contact lenses less often in pediatric wearers than in adult wearers. 23 Fewer deposits on the lenses may also explain fewer dry eye symptoms reported by children.
Contact lens replacement modality and materials may also be related to dry eye symptoms. Most of the children in this sample wore daily disposable contact lenses, which are likely to have fewer deposits and may explain the lower prevalence of dry eye classification in this sample. However, a large study of contact lens-related dry eye found no difference between daily disposable contact lenses and 2-week, monthly, or quarterly replacement contact lenses. 11 A comparison of contact lens materials found no difference for dry eye classification, but hydrogel contact lenses resulted in a higher prevalence of dry eye patients than did silicone hydrogel contact lenses. 11 Most of pediatric subjects in our study wear daily disposable hydrogel contact lens wearers, so based on the results of the Ramamoorthy et al. study, 11 the estimates of dry eye classification in our sample may be conservative because the only contact lens factor positively associated with dry eye classification was found to be hydrogel contact lens wear, which was worn by most of our sample.
Adult contact lens wearers reported that 39 6 30% of their workday involved use of computers, 7% were taking oral contraceptives, 11% reported using blood pressure medications, and another 7% reported taking antidepressants. 6 Anecdotally speaking, adults also consume more caffeinated beverages, wear contact lenses for more hours per day, and experience artificial environments in airplanes and hotels more frequently than children do. All of these factors contribute to dry eye symptoms and are not typical in the pediatric population, 6 which may also explain the difference between children and adults with respect to the proportion of contact lens wearers experiencing dry eyes.
Children may also report having fewer dry eye symptoms despite experiencing dry eye symptoms as frequently and severely as adults do. However, they may have less experience for comparison or they may not know how to categorize the discomfort, so they simply report fewer symptoms only because they do not yet understand the concept of discomfort. Although this theory is plausible, it would be difficult to investigate because discomfort can only be measured subjectively.
There may be several reasons why children report fewer dry eye symptoms than adults do, and none of the above alternatives may operate in isolation. Children's relative comfort during contact lens wear is likely multifactorial, possibly relating to a combination of better tear film components than adults, contact lens modality worn, and/or poorer ability to identify discomfort.
CONCLUSIONS
Fewer pediatric contact lens wearers are classified as patients with dry eyes than adult contact lens wearers based on a dry eye survey validated on an adult sample. Differences between children and adults in their tear chemistry, their reporting of symptoms, or the types of contact lenses they wear should be investigated to determine the reasons for the lower prevalence exhibited by children in this study.
